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(57) ABSTRACT

A method for exchanging data in messages between at least
two users connected by a bus system, where each of the at
least two users includes a predefinable and/or ascertainable
timing mark, includes causing the at least two users to trans-
mit, via the bus system, messages including the data. The
method also includes causing a first user, in a function as
timer, to control the messages as a function of time in such a
way that it repeatedly transmits a reference message, which
contains time information of the first user, via the bus at a
specifiable time interval. Further, if the timing mark of the
second user is reached without a reference message of the first
user reaching the second user, the second user is caused to
take over the function of timer by transmitting its own refer-
ence message with its own time information via the bus sys-
tem.

12 Claims, 6 Drawing Sheets

I
102 101
Timing mark Timing mark
™ Mg ™2
Relative time Relative time
RZ4 RZg Rz2
Offset Offset Offset
081 08y 082
Watchdog W1 Watchdog Wg

Timing mark

Relative time

Watchdog w2

3
‘Time-reference message RN

108 109
@
103 104 105
Timing mark Timing mark
M3 M4
Relative time Relative time
R23 RZ4
Offset Offset
083 054
Watchdog W3 Wawchdog W4
Y
1 gﬂ

1m
I T
\112/



US 7,898,987 B2

Sheet 1 of 6

Mar. 1, 2011

U.S. Patent

E

cli
/

001

y

PM  Sopymem
¥sO
198530

174

awn 9Ane[SY

YiNZ

yrew Juruat ]

S0l

Y

¢M  Sopuaem

€S0
198530

72.

UL 2AIB[Y

ENZ

sprew Suwi ],

Y

LI

L

N 25essour 95us1]1-01 |,

¢SO
0SB0

(44

awn ARy

(4,74

e JutuiLy,

IM Fopyorem

BM Sopysem
bso
1980
by

awm) SANR[Y

Bz

srew Surun

L0}

Y

LM Sopyoremy

SO
9SO

74.]

awm aAne[|

174

sreur Sutwit




US 7,898,987 B2

Sheet 2 of 6

Mar. 1, 2011

U.S. Patent

1EJS 1B anunuo) _ . _ _ | |
- Ll 1

T 1
29LssaW 20USIAJAI-SWL],
eza—"

sh £n (4%

LT

a SH~ | tU

T 1 ]
28B55oW FUDINYOI-2UT
28— 59U 30UaIRPeI-3ML],

1
| 13
soum 14 Z¢ 10 97 ‘§'9 |
AU Suyqeua mopurs-Sutun | ! Ow

Nw \/_

(A2

wpud
—_——— e - ——

1]4] & )

L] L 1]
afessow Eapeiieitenigy
1 Y A PR

wn )

2 0

L

P e

2] S}vsS

a5 e} |
B! U “

T ye—— T N
oZussow S0USIN)I-OUN] |-~ -~ -~~— -
' k. A 1

1 1
L ez izl Mz L NNz
| mopuim Sutuny ! M_whmw,_ mopuim Suruny | AMOpUIM Surun

N ] w — m = 78  opkoeseg =

42

]
1
1
) Mopum
1
|
1

1£14

mopurm Jura J,

- ————

Buuny,

a[0ko [[BIRA0



US 7,898,987 B2

Sheet 3 of 6

Mar. 1, 2011

U.S. Patent

¢0¢-

_rn S juswdag VJ“
o 447 [eAIMN Surjqeus MOpULM-dUIL], -
| 1442 _
m . w — m “ "lll [eAto)nt Surjqeus mopurm-sun ] ltl“
| i sunung
BY0E ——
2 ~<_ \ bi
~o - _
~<_ ~
Gs A €S Y boe IS _
N,w/ ~~o |
m o AT
it
| " | | U4z |
I ! ! |
" " MQM _|_h “ AMOpUIM ST WnwWTUIA |||J
| _ Xew 47 | _
[ " Mmopurm Surum wWnuwIxep t -
|
| ! “
I
]
| LOE ~ .
_ (N 7 2Bessaln _
00€—

T(IND 1 98essopy



US 7,898,987 B2

Sheet 4 of 6

Mar. 1, 2011

U.S. Patent

sogessaw Suneniqre 10y SMOPUM SUTUIN PaAIasaI § Suneniqry

sdnoi8 UOISSTWISURI] ¥ 1 ' V

T T T 1T 1T Tl T V- -~
ur 44 A_s Wy s Wav . % Ev umu_NMmoS_ummw.__&E.o_E 1 ——¢8lZ4
T v |ow 6cy|  3sey R L e
\ a m ‘_‘ o8essoln 901Ua10Ja1-0WI | _—~ wNm
7 T T T
OF 1% 4 « 141 E| ey M ey « %4 omemoE_oWMWMomoh.mﬁ 1 —— 5Z8
i _ USRS I _ vl | e
8 |6 v o|my| Suemay gz 392 Vo9 con sovsages el 74: |
| 1 ) I
n_v XA 4 « [4A (%4 4 m oy « 61y owm_mmoEJooaﬁH—M—Hw&-LE L — 8
T T T .
Ly « 10 a sy w by % tib omﬁwmmoﬁu umﬁr_whmm&-orﬁ ——tezg
T T T ]
u_u 3% 4 _< 114 (11} 4 w 80t « Loy ommm_moauomwwm.«m._-oz_ﬁ ——ElZ8
_ T T T _ T I Toopl e
m soy « vor w E?.Enjw Eop w o _< 4 s8essowt 355.«2-2_5 L lw.nl. IQINm _
e ! B | e | ez4z | e _ (042)
“ 642 “ £ V4 “ ¢4z “ ¢iz ” k42 " N7 “ M
1 I
| I | mopuim |
" mopu Suiun] | mopuim MEE L | mopuim Sutun [ MM.HW_F I AopuIM wﬁ_gr—\ “ (x1nem o U1 wwnjoy)) __ mv..
_ ! ! ! ! ' mopuim Surwr ], | o
I (xigem oy Ut oY) L
| 28 sphoeseg o

 $'94

b 729 140 [[140



US 7,898,987 B2

Sheet 5 of 6

Mar. 1, 2011

U.S. Patent

G "Old

X

Z Touum [enusiod

€ Jowm enuajog

aui} [ed0]

N e
ommmmo—X«om o3essow soualayey
e N »
"7
Iowy urepy]

>

[ Ioum [enuajo




U.S. Patent Mar. 1, 2011 Sheet 6 of 6 US 7,898,987 B2

Distributed timers

\

Hardware Reset

Reception of a low-priority

timer message, then successful
sending of its own timer message

Would like to
become timer

Watchdog

Reception of higher-

. . riority timer message
Reception of higher- priority

priority timer message

Reception of low-
priority timer message

Watchdog

FIG. 6



US 7,898,987 B2

1

METHOD AND DEVICE FOR THE
EXCHANGE OF DATA BETWEEN AT LEAST
TWO USERS CONNECTED TO A BUS
SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a division of prior U.S. patent applica-
tion Ser. No. 09/755,866 filed Jan. 5, 2001 now U.S. Pat. No.
7,075,898 of which is expressly incorporated herein in its
entirety by reference thereto.

FIELD OF THE INVENTION

The present invention relates to a method and a device for
the exchange of data between at least two users (nodes) con-
nected to a bus system.

BACKGROUND INFORMATION

As related art in automotive networking, the CAN (con-
troller area network) protocol has been used for several years.
In that case, the communication is controlled in an event-
driven manner. Very great loads can be produced when the
transmission of various messages is to be initiated at the same
time. The non-destructive arbitration mechanism of CAN
guarantees the sequential transmission of all messages
according to the priority of their identifiers or identifications.
For hard real-time systems, an analysis of the transit times
and bus loads for the entire system is made in advance, to
make sure that all message deadlines can be observed (even
under peak load).

There are already communication protocols which are
based on time-controlled processing, such as TTP/C or Inter-
bus-S. The exceptional feature in this case is that the bus
access is already planned in advance by allocating transmis-
sion instants. Thus, no collisions can occur during the transit
time. However, in the same way, a peak load is avoided on the
communications bus. Thus, the bus is frequently not com-
pletely utilized to capacity.

In the case of the TTP/C protocol, the time information is
distributed by allocation of the communication objects to the
global time and adjustment of the local time of the individual
users by fault-tolerant averaging of all time information.

Other bus protocols derive the time information from the
individual bits of a message.

Consequently, a controlled run-up of the system that is as
rapid as possible is not ensured in every case. In the same way,
the entire system can collapse if the time-giving user mal-
functions. Furthermore, automatic resumption of the function
is not always ensured after the malfunction.

It is apparent that the related art is unable to deliver optimal
results in every respect.

SUMMARY OF THE INVENTION

Thus, the present invention advantageously includes a
method and a device for the exchange of data in messages
between at least two users which are connected by a bus
system, the messages containing the data being transmitted
by the users via the bus system, and each user containing a
predefinable and/or ascertainable timing mark; a first user, in
a function as timer, controls the messages as a function of
time in such a way that it repeatedly transmits a reference
message, which contains time information of the first user, via
the bus at a specifiable time interval, and if the timing mark of
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2

the second user is reached without a reference message of the
first user reaching the second user, the at least second user
takes over the function of timer by transmitting its own ref-
erence message with its own time information via the bus
system.

In this context, the CAN bus is used particularly expedi-
ently as the basic bus system or bus protocol. However, the
present invention relates generally to any bus system or bus
protocol in which an object-oriented message transtfer or data
transfer is used, thus the message and/or the data contained
therein are clearly recognizable by an identifier. Conse-
quently, this is valid for all busses in which not the users, but
rather the messages or their data are addressed, in particular
the CAN bus.

Advantageously, various users, particularly all users, are
potentially provided as timers, and these users can transmit
their own reference messages with time information of their
own via the bus when the user’s own timing mark has been
reached without a reference message having been received.

The messages are advantageously controlled by a first user
as a function of time in such a way that the first user repeatedly
transmits a reference message via the bus at at least one
predefinable time interval, and the time interval is subdivided
into timing windows of specifiable length, the messages
being transmitted in the timing windows.

Therefore, compared to the related art, the present inven-
tion advantageously includes a higher protocol layer with
respect to the actual bus (CAN) protocol which is retained
unchanged within the framework of the time-controlled com-
munication according to the present invention. Thus, the
time-controlled communication advantageously allows full
capacity utilization of the bus, and at the same time makes it
possible to hold the latency times for each message to a
defined value.

The present invention therefore includes a cyclically pro-
ceeding transfer of bus (CAN) messages. In this manner, a
deterministic and combinable communication system is pro-
duced. Such a system is subsequently referred to as TTCAN
in the present invention. Furthermore, in the same way, the
starting point is a CAN bus, the considerations being valid
generally for all bus systems or bus protocols having object-
oriented message transfer, as mentioned above.

The reference message and the subsequent timing win-
dows up to the next reference message are expediently com-
bined to form a first cycle of specifiable length and/or speci-
fiable structure, the structure corresponding to the length,
number and time position of the timing windows in the time
interval which follow the reference message.

Furthermore, a plurality of first cycles of the same structure
are advantageously combined to form a second cycle, mes-
sages in the second cycle also being repeatedly transmitted in
timing windows whose time interval is greater than the time
length of the first cycle.

One cyclical message transfer is expediently omitted in at
least one timing window of the first or the second cycle. In
these initially empty timing windows, it is then possible to
transfer arbitrating messages, thus such which do not have to
be transmitted cyclically, but rather are available when, for
example, certain sequences are concluded.

A priority with respect to the timer function can expedi-
ently be assigned to the users potentially used as timer, that
user advantageously initially taking over the function as timer
for the first cycle whose timing mark is reached first without
the user having received a reference message, and in the
following first cycle of the second cycle, that user having the
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highest priority taking over the function as timer. In this
manner, the priority of the timers is expediently configurable
(logical sequence).

The aforesaid measures advantageously ensure the timer
function and the orderly communications sequence or mes-
sage exchange over time after the initialization or in the event
of the malfunction of a timer in a time-controlled bus system,
particularly a CAN bus system (TTCAN).

A further advantage is the controlled, fastest possible
runup of the system, composed of users and bus system,
obtained in this case. A system collapse in response to the
malfunction of a timer (node) is expediently avoided, and
automatic resumption of the function is ensured after a mal-
function.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows schematically a bus system having a plurality
of users.

FIG. 2 shows the sequence in principle of the first cycles or
base cycles and the second cycles, the overall cycles over
time.

FIG. 3 illustrates in detail the design and message occu-
pancy of the timing windows.

FIG. 4 then shows an overall cycle having 7 base cycles and
diverse transmission groups of messages, as well as arbitrat-
ing messages.

FIG. 5 shows, by analogy with FIG. 1, the transfer of the
timer function to a further user which is designed as a poten-
tial timer.

FIG. 6 shows, in a state diagram, various possibilities for
the transfer of the timer function in view of the timer priori-
ties.

DETAILED DESCRIPTION

TTCAN is based on a time-controlled, periodic communi-
cation which is clocked by a timer (node, user) with the aid of
atime-reference message, or reference message RN for short.
The period up to the next reference message RN is denoted as
base cycle and is subdivided into n timing windows (see F1G.
2). Each timing window allows the exclusive transmission of
one periodic message of variable length. These periodic mes-
sages are transmitted in a TTCAN controller by using timing
marks which are coupled to the expiration of a logical relative
time. However, TTCAN also allows the consideration of
vacant timing windows. These timing windows can be used
for so-called spontaneous messages, the access within these
timing windows to the bus being utilized via the arbitration
scheme of CAN (arbitrating messages). The synchronization
of'the timer clock (global time gZ) with the internal local time
of'individual nodes 171 through 174 is taken into account and
efficiently converted.

FIG. 1 shows a bus system 100 having a plurality of bus
users 101 through 105. In this context, each user 101 through
105 has a separate time base 106 through 110 which can be
transmitted, on the one hand, by an internal element such as a
clock, counter, clock generator, etc., or externally to the
respective user. The respective local time base 171 through
174 is, in particular, a counter, for example, a 16-bit incre-
menting, which may only be influenced by a HW reset. In this
instance, the local time base is implemented in each node or
user 102 through 105. One user, the timer, 101, has an
exposed setting. Its time base is designated as global time
base 106 having global time gZ, and is either implemented in
timer 101, or is transmitted to it externally. Global time gZ. is
formed in principle in each node from local time base 107
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through 110, i.e. local time 17 (171 through 174) and an
offset OS1 through OS4. As a rule, this offset OSg for timer
101 is equal to zero (OSg=0). All other nodes form their view
of global time g7 from local time 17 (171 through 174) and
local offset OS1 through OS4 and OSg, when OSg[0. The
case when OSg is not zero occurs, for example, when global
time g7 is transmitted from the outside to timer 101 which, in
addition, contains its own time base 106. Then, the timer is
also calibrated to global time g7, and gZ and time base 106
may not agree. The local offset is the difference between the
local time at the transmission instant (SOF, start of frame) of
the reference message, and the global time transmitted by the
timer in this reference message.

Local Time Base and the Global Time

Local Time Base: The local time base is a counter, such as
a 16-bit incrementing, which may only be influenced by a
HW reset. The local time base is implemented in each node.

Reference-Mark Buffer Register: In response to each
assumed SOF, the buffer register is loaded with the local time
base.

Reference Marker: If the instantaneous message is recog-
nized as a reference message, then the value is retrieved from
the buffer register into the reference marker (as local refer-
ence mark). The reference marker is configured, for example,
as a 16-bit register.

Timer Reference Mark: This is the reference mark of the
timer received by the time takers in the reference message.

Local Offset with Respect to the Global Time: The local
offset to the global time is the difference between the refer-
ence mark in the buffer register and the global timing mark
received in the reference message. It is used for calculating
the global time from the local time. The offset of the timer
itself remains constant. The timer transmits its local reference
mark plus the local offset in the reference message.

Thus, timer 101 is also that node or user which transmits
time-reference message 111, i.e., reference message RN for
short. Arrow 112 indicates that reference message RN 111 is
dispatched, especially simultaneously, to remaining users
102 through 105.

Reference message RN is the basis for the time-controlled,
periodic operation of TTCAN. It is clearly denoted by a
special identifier, and is received by all nodes, here 102
through 105, as clock generator. In principle, it is sent out
cyclically by timer 101. The reference message can include
the following data: The number of the instantaneous base
cycle BZn, the reference mark of the timer in global time.

The reference mark is formed by the takeover of the inter-
nal counter reading at the instant of the “start of frame” bit
(SOF) upon reception of the reference message of the timer.
Thus, the reference mark is an instantaneous recording of the
local time base at the instant of receiving the reference mes-
sage. Relative time RZ1 through R7Z4 and RZg specified in
the users is the difference between the local time base and the
last reference mark. All definitions with regard to the timing
marks used relate to the relative time of an individual user. For
example, it can be permanently available as a signal (e.g., by
combining the two register values via gates). The reference
mark determines the relative time of all nodes on the TTCAN
bus.

Watchdog Wg and W1 through W4, likewise shown, is a
special relative instant. Such a relative instant (watchdog)—
at which a new reference message, and thus a reference mark,
as well, is expected at the latest—is defined in each node.
Therefore, the watchdog represents a special timing mark.
The watchdog is used primarily in the initializing and re-
initializing to monitor whether a communication has taken
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place at all. In this case, the watchdog should always be
greater then the interval between the reference messages.

In this context, one timing mark is a relative instant which
establishes the relationship between the relative time and an
action in the original bus (CAN) controller. One timing mark
is represented as a register, a controller having the ability to
manage a plurality of timing marks. A plurality of timing
marks can be allocated to one message (see, for example, in
FIG. 4: transmission group A occurs both in timing window
ZF1a, and in timing window ZF4a).

With regard to the application, an application watchdog is
actuated in particular. This watchdog is employed regularly
by the application in order to signal the proper operation to the
TTCAN controller. The messages are sent by the CAN con-
troller only when this watchdog is actuated.

FIG. 2 shows the principle of the time-controlled, periodic
message or data transfer over time. This message transfer is
clocked by the timer with the aid of the reference message.
Time interval t0 through t6 is designated as base cycle BZ and
is subdivided into k timing windows (keN). Reference mes-
sages RN of respective base cycles BZ0 through BZ3 are
transmitted from t0 to t1,t6 to t7, t12 to t13 and t18 to t19, thus
in timing window ZFRN. The structure of timing windows
ZF1 through ZF5 following a reference message RN, thus
their length (in segments S, where Ats=tsb-tsa), their number
and their time position, is specifiable. In this manner, an
overall cycle GZ1 which begins at t0 and ends at 124, to be run
through anew, can be formed from a plurality of base cycles of
the same structure. For example, the timing windows include
2 to 5 segments having, for instance, 32 bit times each. The
number of timing windows is, for example, 2 to 16, only one
timing window or more than 16 also being possible. The
number of base cycles in an overall cycle is 2™, for instance,
where, in particular m=4.

By way of example, tzffl and tzff2 denote two transmis-
sion enabling intervals or timing-window enabling intervals
which, for instance, last 16 or 32 bit times and describe the
time frame within which it is possible to begin with the
transmission of the message with respect to the base cycle.

Each timing window allows the exclusive transmission of a
periodic message of variable length. By way of example, F1G.
3 shows two messages of different length and the allocation in
the timing window. For instance, message 1 (N1) as block 300
contains 130 bits, and message 2 (N2) as block 301 contains
47 bits.

As already mentioned, maximum and minimum timing
windows can be predefined as a function of the message
length, for instance, between 2 and 5 segments per timing
window in this example. Thus, a maximum timing window
ZFmax is predefined as block 302 which includes 5 segments
(S1 through S5) having 32 bit times each, and a minimum
timing window ZFmin is predefined as block 303 which
includes 2 segments (S1 and S2) having 32 bit times each.
Messages N1 and N2 are transmitted in them, the messages
thus not having to completely fill up the timing windows;
rather, the timing-window sizes are specified according to the
message length. Therefore, ZFmax offers sufficient time or
place for the longest possible message, e.g. 130 bits or bit
times, and ZFmin can be adapted to the shortest possible
message, e.g. 47 bits.

In general, the timing window is the time frame available
for a specific message (see FIG. 3). The timing window of a
message is opened with the application of the proceed-to-
send signal, and the beginning of this window agrees in prin-
ciple with a defined timing mark. The length of the timing
window is determined from i segments having, for example,
32 bit times (see block 304a). In this context, the segmenting
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at, in particular, 32 bit times represents a HW-friendly size.
The timing window may not be shorter than the longest mes-
sage occurring in this timing window. The bit time is, in
particular, the nominal CAN bit time.

The transmission enabling interval or timing-window
enabling interval describes the time frame within which the
transmission of the message may be started. The transmission
enabling interval is a part of the timing window. Thus, the
proceed-to-send is applied in the interval timing mark and
timing mark plus delta. The value delta is perceptibly smaller
than the length of the timing window (e.g., 16 or 32 bit times
for ZFF1 or ZFF2). A message whose beginning does not lie
within the transmission enabling interval may not be sent.

FIG. 4 now represents an overall cycle (transmission
matrix) GZ2.

Overall Cycle (Transmission Matrix): All messages (RN,
A through F and arbitrating) of all users are organized as
components of a transmission matrix (see FIG. 4). The trans-
mission matrix is made up of individual base cycles BZ0a
through BZ7a. All base cycles of overall cycle GZ2 have the
same structure. These base cycles can be composed selec-
tively from exclusive (A through F) and arbitrating compo-
nents. The total number of lines (thus base cycles BZ0a
through BZ74) here is a number 2™=8, where m=3.

One base cycle (line of the transmission matrix) begins
with a reference mark in reference message RN and is com-
posed of a plurality (i) of successive timing windows of
defined length (first timing window ZFO, i.e., ZFRN for RN).
The arrangement of the messages within the base cycle can be
freely established. A timing window is linked for exclusive
components to a CAN message object. A timing window can
also be left free (409, 421, 441, 417, 445) or be used for
arbitrating components (403, 427).

Messages which are always sent in the same timing win-
dow but in different base cycles form a transmission group
(column of the transmission matrix, A through F) (see FIG.
4). Consequently, a period can be established, e.g., A in ZF1a
and ZF4a: 401, 407, 413, 419, 425, 431, 437, 443 and 404,
410, 416, 422, 428, 434, 440, 446. One message object (ofa
timing window) can be sent repeatedly within a transmission
group. The period of a message within a transmission group is
a number 2, where 1<=m.

The message object, i.e., the message, corresponds to the
message object of the bus, particularly in CAN, and includes
the identifier, as well as the data itself. In TTCAN, the mes-
sage object is supplemented by at least one, preferably by all
three, of the following entries in the transmission matrix:
timing window, base mark, rate of repetition.

The timing window is the position (ZF0, ZF1a through
ZF5a) in the base cycle (BZn, line of the transmission
matrix). The beginning of the timing window is defined by
reaching a specific timing mark.

The base mark indicates in which base cycle (BZ0a
through BZ74) in the overall cycle the message is sent first.

The rate of repetition defines after how many base cycles
this transmission is repeated.

To indicate the validity of a message object for the CAN
controller, there is a “permanent transmission request” which
signifies a permanent enabling of the object (for exclusive
components, see below) and an “individual transmission
request” which signifies a one-time validity of the object (for
arbitrating components, see below).

The automatic retransmission from CAN is advanta-
geously deactivated for the messages in TTCAN.

In the following, the message transfer—periodic messages
and spontaneous messages—in the base cycle or in the overall
cycle, particularly with respect to the application, is now
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described again. In so doing, exclusive messages, thus peri-
odic messages, and arbitrating, thus spontaneous messages,
are again differentiated.

Exclusive Message Objects (Periodic Messages): Exclu-
sive message objects are sent when the application watchdog
is set, the “permanent transmission request” of the application
is set at the CAN controller, and the transmission enabling
interval of the appertaining timing window is open. In this
case, the timing mark for the message object agrees with the
relative time. The permanent transmission request remains
set until it is reset by the application itself.

Arbitrating Message Objects (Spontaneous Messages):
Arbitrating message objects are sent when the application
watchdog is set, the “individual transmission request” of the
application is set at the CAN controller, and the transmission
enabling interval of the next timing window specified for this
is open. The timing mark for this timing window is then equal
to the relative time. The transmission request is reset after
successful transmission by the CAN controller. The simulta-
neous access of various spontaneous messages is regulated
via the bit arbitration of CAN. If a spontaneous message in
this timing window loses versus another spontaneous mes-
sage, then it can first fight again for bus access in the next
timing window specified for this.

Ifthe entire transmission matrix, i.e. the overall cycleis run
through, then a cyclical, time-controlled message transmis-
sion is yielded. Time-controlled means that each action uses,
as a point of departure, the attainment of a specific instant (see
timing marks and relative time). If the overall cycle is run
through completely, i.e., all base cycles were processed once,
then a start is made again with the first base cycle of the
transmission matrix. No time gaps arise in the transition. An
overview of such a time-controlled communications system
with timer has been presented in the description and the
figures of the Drawing.

In a TTCAN system, all timing windows in which mes-
sages are transmitted relate to a reference instant which is
communicated to all users by a reference sender at the begin-
ning of a base cycle.

FIG. 5 shows a system for that purpose by analogy with
FIG. 1. The timer is composed, for example, of a local (e.g.,
16-bit wide) counter (of the local or global time base), an
(e.g., 16-bit wide) offset register, a (e.g., 16-bit wide) refer-
ence register and a watchdog timing mark.

In one system, there is a plurality of “potential” timers
which, in a predefined priority, are able to send a reference
message and thus become timers.

During the run-up of the system after switching on, each
node provided for that purpose can assume the timer function.

To that end, the local counter is started and the counter
reading is loaded into the reference register. The local counter
is running, and either the watchdog mark is reached, or a
reference message is received from another node.

If the watchdog mark is reached before a reference mes-
sage has been received, then this node takes over the timer
function by sending a reference message and thus starting a
base cycle.

If'the node receives a reference message from another node
before the watchdog mark has been reached, then it synchro-
nizes itself to this reference and checks whether its own timer
priority is higher or lower.

Various possibilities are shown in the state diagram in FIG.
6. In the case of lower priority, this node continues to function
as a normal “potential”, but not active timer.

However, if its timer priority is higher than that of the
reference message received, as of the next reference instant, it
attempts to become the timer.
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In this context, there are then the following cases:

a) If the higher-priority timer sends the reference message
before the prevailing timer, then it takes over the function of
timer, and the previous timer withdraws, since it sees the
higher-priority reference message.

b) If both timers transmit simultaneously, then the arbitrating
mechanism of the CAN protocol comes into effect, and the
higher-priority timer assumes the function of the timer, since
the priority is linked to the identifier of the reference message.

c¢) Ifthe higher-priority timer comes too late, then, in a system
without drift correction, it attempts to send its reference mes-
sage until the message gets through, or the timer receives an
even higher priority reference message. In this context, a shift
of the global time is put up with. Drift correction means the
adjustment of the accuracy of the local clocks distributed in a
TTCAN system to synchronize transmission and reception
instants more precisely. When working with a system having
a drift correction, attempt is again made at the next possible
reference instant to assume the timer function. A suitable
drift-correction algorithm ensures that, at the latest at the
second base cycle, the higher-priority timer does not place its
reference message on the bus later than the prevailing timer,
and thus wins the arbitration and assumes the timer function.

If the prevailing timer fails, then the watchdogs in the
“potential” timers elapse with variable rapidity depending on
their priority, and the node whose watchdog elapses first
assumes the timer function (see above).

In order that the transition from one timer to the other is as
steady as possible in the time, each timer can transmit its view
of'the global time in its reference message.

The terms time-reference message and reference message
are synonymous. A reference message having time informa-
tion, i.e., the time information in the reference message is then
designated as timer message (see FIG. 6).

What is claimed is:

1. A method for an exchange of data in messages between
at least two users connected by a bus system, each one of the
at least two users including at least one of a predefinable
timing mark and an ascertainable timing mark, the method
comprising:

causing the at least two users to transmit via the bus system

messages including the data;

causing a first one of the at least two users, in a function as

timer, to control the messages as a function of time such
that the first one of the at least two users repeatedly
transmits a first reference message including a first time
information regarding a time base of the first one of the
at least two users, via the bus system at a specifiable time
interval; and

if the at least one of the predefinable timing mark and the

ascertainable timing mark of a second one of the at least
two users is reached without the first reference message
of the first one of the at least two users reaching the
second one of the at least two users, causing the second
one of the at least two users to take over the function of
timer by transmitting a second reference message with a
second time information regarding a time base of the
second one of the at least two users, via the bus system,
wherein one of the first time information and the second
time information is used by a receiving user to calculate
a global time as a function of a local time information
and the one of the first time information and the second
time information.

2. The method according to claim 1, further comprising:

providing each one of the at least two users as timers; and
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causing the first one of the at least two users and the second
one of the at least two users to transmit via the bus
system the first reference message with the first time
information and the second reference message with the
second time information when the at least one of the
predefinable timing mark and the ascertainable timing
mark of any of the at least two users has been reached
without a receipt of a corresponding one of the first
reference message and the second reference message.

3. The method according to claim 1, further comprising:

subdividing the specifiable time interval into timing win-
dows of a specifiable length; and

transmitting the messages including the data in the timing
windows.

4. The method according to claim 1, further comprising:

allocating a priority with respect to the function as timer to
those of the at least two users that are used as a timer.

5. The method according to claim 3, wherein the messages
are cyclically transmitted.

6. A device for an exchange of data in messages between at
least two users connected by a bus system, each one of the at
least two users including at least one of a predefinable timing
mark and an ascertainable timing mark, comprising:

a transmitting arrangement for causing the at least two
users to transmit via the bus system messages including
the data;

a controlling arrangement for causing a first one of the at
least two users, in a function as timer, to control the
messages as a function of time such that the first one of
the at least two users repeatedly transmits a first refer-
ence message including a first time information regard-
ing a time base of the first one of the at least two users,
via the bus system at a specifiable time interval; and

a second transmitting arrangement for causing, if the at
least one of the predefinable timing mark and the ascer-
tainable timing mark of a second one of the at least two
users is reached without the first reference message of
the first one of the at least two users reaching the second
one of the at least two users, the second one of the at least
two users to take over the function of timer by transmit-
ting a second reference message with a second time
information regarding a time base of the second one of
the at least two users, via the bus system, wherein one of
the first time information and the second time informa-
tion is used by a receiving user to calculate a global time
as a function of a local time information and the one of
the first time information and the second time informa-
tion.

7. The device according to claim 6, further comprising:

a providing arrangement for providing each one of the at
least two users as timers;

wherein the first one of the at least two users and the second
one of the at least two users to transmit via the bus
system the first reference message with the first time
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information and the second reference message with the
second time information when the at least one of the
predefinable timing mark and the ascertainable timing
mark of any of the at least two users has been reached
without a receipt of a corresponding one of the first
reference message and the second reference message.

8. The device according to claim 6, wherein the specifiable
time interval is subdivided into timing windows of a specifi-
able length, and wherein the messages including the data are
transmitted in the timing windows.

9. The device according to claim 8, wherein the messages
are cyclically transmitted.

10. The device according to claim 6, wherein a priority
with respect to the function as timer is allocated to those of the
at least two users that are used as a timer.

11. The device according to claim 6, further comprising:

a providing arrangement for providing each one of the at

least two users as timers;
wherein the first one of the at least two users and the second
one of the at least two users to transmit via the bus
system the first reference message with the first time
information and the second reference message with the
second time information when the at least one of the
predefinable timing mark and the ascertainable timing
mark of any of the at least two users has been reached
without a receipt of a corresponding one of the first
reference message and the second reference message;

wherein a priority with respect to the function as timer is
allocated to those of the at least two users that are used as
a timer,

wherein the specifiable time interval is subdivided into

timing windows of a specifiable length,

wherein the messages including the data are transmitted in

the timing windows, and

wherein the messages are cyclically transmitted.

12. The method according to claim 1, further comprising:

providing each one of the at least two users as timers;

causing the first one of the at least two users and the second
one of the at least two users to transmit via the bus
system the first reference message with the first time
information and the second reference message with the
second time information when the at least one of the
predefinable timing mark and the ascertainable timing
mark of any of the at least two users has been reached
without a receipt of a corresponding one of the first
reference message and the second reference message;

allocating a priority with respect to the function as timer to
those of the at least two users that are used as a timer;

subdividing the specifiable time interval into timing win-
dows of a specifiable length; and

transmitting the messages including the data in the timing

windows;

wherein the messages are cyclically transmitted.
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